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(54) Method and apparatus for supply of liquid raw material gas 



(57) The mixed gas of a liquid raw material is stably 
supplied to not only one reactor but also a plurality of 
reactors as maintained with high purity at a fixed con- 
centration. A method to supply a liquid raw material gas 
by the steps of storing a liquid raw material 31 in a bub- 
bling tank 1 3 with maintaining the stored liquid raw ma- 
terial at a controlled temperature, bubbling a carrier gas 
41 through the liquid raw material 31 thereby evaporating 
the liquid raw material and simultaneously generating a 
mixed gas composed of the carrier gas 41 and the liquid 
raw material 31 , subjecting the mixed gas to a conden- 
sation treatment, and returning the liquefied liquid raw (D 
material 31 to the bubbling tank 1 3 and meanwhile sup- * 
plying the mixed gas escaped from the liquefaction to a 
reactor(s), which method is characterized in that the con- 
densation treatment of the mixed gas is carried out with 
the pressure and temperature thereof controlled at fixed 
levels, thereby the concentration of the mixed gas sup- 
plied to a reactor(s) is kept at a fixed level. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention: 5 

This invention relates to a method and an apparatus 
for the supply of a liquid raw material gas, and more par- 
ticularly, to a method and an apparatus for an operation 
comprising the steps of bubbling a carrier gas through a to 
liquid raw material thereby generating a mixed gas com- 
posed of the carrier gas and the raw material and sup- 
plying the mixed gas to a reactor such as a semiconduc- 
tor chemical vapor deposition reactor. 

75 

Description of the Prior Art: 

Heretofore, such a raw material as germanium tet- 
rachloride (GeCI 4 ), silicon tetrachloride (SiC! 4 ), and 
trichlorosilane (SiHCI 3 ) have been used for a chemcal 20 
vapor deposition of a semiconductor and a production of 
a synthetic quartz. The apparatus for supply of a liquid 
raw material gas, namely a mixed gas composed of a 
carrier gas and such a liquid raw material as mentioned 
above which is generated by bubbling the carrier gas 2s 
through the liquid material, has been well known in the 
art. 

In the prior art (JP-A-60-248,228; hereinafter re- 
ferred to as "first prior art") depicted in Fig. 3, for exam- 
ple, a'liquid raw material 201 which is in a liquid state at 30 
room* temperature is stored in a bubbler tank 203 provid- 
ed with a heater 202 and a carrier gas 204 controlled in 
motion at a flow volume by a flow meter 205 is bubbled 
through the liquid raw material 201 meanwhile being kept 
heated with the heater 202 to generate a mixed gas 206 35 
composed of the carrier gas 204 and the liquid raw ma- 
terial 201. The mixed gas 206 is passed through a con- 
denser 207 kept at a fixed temperature so that part there- 
of may be liquefied and supplied to a reactor in the form 
of saturated vapor. 40 

A technique, similar to the first prior art, which de- 
tects a temperature and a storage amount of the liquid 
raw material 201 , an amount of the bubbling carrier gas 
204, and a temperature of the condenser 207 and, based 
on the outcomes of the detection, controls the supply of 
the liquid raw material 201 , the flow volume of the carrier 
gas 204, and the temperature of the condenser 
(JP-A-61 -257,232; hereinafter referred to as "second pri- 
or art") has been also known to the art. 

The apparatus, as the first or the second prior art so 
mentioned above, which is designed to supply the mixed 
gas 206 of the liquid raw material 201 and the carrier gas 
204 at a certain flow volume as taught operates effec- 
tively so long as the apparatus is used for supplying the 
liquid raw material gas exclusively for one reactor. ss 

When one apparatus of the first or the second prior 
art mentioned above is operated to supply the liquid raw 
material gas simultaneously at a certain flow volume for 
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a plurality of reactors, however, the pressure of the mixed 
gas 206 in the apparatus, specifically in the condenser 
207, is varied by the total amount of the carrier gas 204 
to be supplied or by the number of reaction devices to 
be involved. As a result, the concentration of the liquid 
raw material 201 in the mixed gas 206 which is once in 
a saturated state in the condenser 207 is proportionately 
varied and the growth rates in the reactors are conse- 
quently varied. 

If the concentration of the liquid raw material 201 in 
the mixed gas 206 is to be controlled by the controlling 
the temperature of the condenser 207 as contemplated 
by the second prior art, it is necessary that a new tem- 
perature should be set for the condenser 207 whenever 
the flow volume of the liquid raw materia! gas to be sup- 
plied to the reactors is changed. The control of temper- 
ature, however, cannot be effected with high accuracy 
because the condenser 207 consumes a length of time 
in heightening or lowering the temperature thereof to the 
newly set level and never fails to involve a delay in cool- 
ing the mixed gas 206. 

There has also existed the problem that minute 
amounts of heavy metals exuding from containers and 
pipes during the process of synthesis and during the 
process of transfer and storage are accumulated in the 
liquid raw material 201 and they are conveyed together 
with the mixed gas 206 into the reactors. 

This invention, produced in view of the true state of 
prior art mentioned above, has for an object thereof the 
provision of a method and an apparatus which are capa- 
ble of maintaining a mixed gas composed of a liquid raw 
material and a carrier gas with high purity at a fixed con- 
centration and supplying this mixed gas stably to not only 
one reactor but also a plurality of reactors. 

SUMMARY OF THE INVENTION 

A method to supply a raw material gas for epitaxial 
growth according to the first aspect of the invention is a 
method to supply a liquid raw material gas by the steps 
of storing a liquid raw material in a bubbling tank with 
keeping the stored liquid raw material at a controlled tem- 
perature, bubbling a carrier gas through the liquid raw 
material thereby evaporating the liquid raw material and 
simultaneously generating a mixed gas composed of the 
carrier gas and the liquid raw material, subjecting the 
mixed gas to a condensation treatment and returning the 
liquefied liquid raw material to the bubbling tank and 
meanwhile supplying the mixed gas escaped from lique- 
faction to a reactor(s), characterized in that the conden- 
sation treatment of the mixed gas is carried out with the 
pressure and temperature thereof controlled at fixed lev- 
els, thereby the concentration of the mixed gas supplied 
to a reactor(s) is kept at a fixed level. 

Advantageously, the condensation treatment of the 
mixed gas is carried out with the pressure and tempera- 
ture thereof controlled at fixed levels by causing the pres- 
sure for the condensation treatment of the mixed gas to 
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be fed back to the operating part for the pressure control 
means of the carrier gas thereby controlling the amount 
of the carrier gas supplied for the purpose of bubbling 
and, at the same time, causing the temperature for the 
condensation treatment of the mixed gas to be at a fixed s 
level in the cooling part of the means for the condensa- 
tion treatment. 

It is desirable that the liquid raw material stored in 
the bubbling tank is maintained at a fixed temperature 
so that part of the mixed gas emanating from the bub- 10 
bling tank and being subjected to the condensation treat- 
ment is liquefied without fail. Further, it is desirable that 
the pressure in the condensation treatment of the mixed 
gas is controlled at a fixed level of absolute pressure. 

An apparatus to supply a raw material gas for epi- is 
taxial growth according to the second aspect of the in- 
vention is an apparatus to supply a liquid raw material 
gas adapted to store a liquid raw material in a bubbling 
tank and bubble a carrier gas through the liquid raw ma- 
terial so as to evaporate the liquid raw. material and 20 
meanwhile generate a mixed gas composed of the car- 
rier gas and the liquid raw material, comprising a con- 
trolling means for controlling the amount of the carrier 
gas to be supplied at a piping system used for supplying 
the carrier gas for bubbling, a heating means for keeping 25 
the liquid raw material stored in the bubbling tank at a 
fixed temperature, a column for rectifying disposed in the 
upper part of the bubbling tank as integrated with the 
bubbling tank and made to communicate with the means 
for the condensation treatment through the medium of 30 
piping, and the means for the tratment to condense the 
mixed gas with the pressure and temperature thereof 
controlled at fixed levels thereby the concentration of the 
mixed gas supplied to a reactor(s) is maintained at a 
fixed level, wherein a part of the mixed gas generated in 35 
the bubbling tank is condensed by cooling to a fixed tem- 
perature and refluxed to the rectifying column and the 
mixed gas escaped from liquefaction is detected the 
pressure whose outcome is fed back to the means for 
controlling the amount of the carrier gas. <*o 

It is desirable that the pressure in the condensation 
treatment of the mixed gas is controlled at a fixed level 
of absolute pressure. 

The cooling part in the means for the condensation 
treatment desirably possesses a enough heat transfer *s 
area so that the mixed gas escaped from liquefaction and 
flowing out of the means for the condensation treatment 
is cooled to a temperature practically the same as that 
of the cooling part. 

It is desirable that the means for the condensation so 
treatment effects the condensation by cooling the mixed 
gas with a first cooling medium, and the means for sup- 
plying the first cooling medium is desirably composed of 
a heat exchanger, a cooling medium circulating appratus 
for circulating the first cooling medium between the cool- 55 
ing part of the means for the condensation treatment and 
the heat exchanger thereby keeping the cooling medium 
at a fixed temperature, and a cooling apparatus for con- 



trolling the temperature of a second cooling medium for 
cooling the first cooling medium to a fixed temperature 
through the medium of the heat exchanger. 

It is desirable that the heating means for keeping the 
liquid raw material stored in the bubbling tank at a con- 
trolled temperature is a jacket communicating therewith 
a heating medium supply device capable of controlling 
the temperature and flow volume of a heating medium. - 

It is also desirable that the amount of the liquid raw 
material in storage is controlled by using a storage 
amount detecting means disposed in the bubbling tank 
and the amount of the liquid raw material equivalent to 
the shortage determined by the detection is supplied 
from a storage tank for the liquid raw material to the bub- 
bling tank. 

The bubbling tank desirably is provided with a drain- 
ing pipe incorporated with a switching valve. Pressure 
f ructuation of the mixed gas supplied to a reactor(s) may 
be restrained by the use of a buffer tank. 

What is important in the supply of a liquid raw ma- 
terial gas to such a reactor(s) as a chemical vapor dep- 
osition reactor (CVD reactor) of a semiconductor by the 
use of an apparatus (so-called a bubbling tank) which 
generates a mixed gas composed of a liquid raw material 
and a carrier gas by bubbling the carrier gas through the 
liquid raw material is the fact that the liquid raw material 
gas of high purity should be supplied stably. 

The difference between the supply oHhe liquid raw 
material gas by the use of the bubbling tank to a plurality 
of reactors and the same supply to only one reactor re- 
sides in the fact that the pressure of the mixed gas in the 
bubbling tank, specifically in the condenser, varies with 
the total amount of the carrier gas to be supplied and the 
number of reactors to be involved. 

When the pressure of the mixed gas varies in the 
condenser which determines the concentration of the liq- 
uid raw material gas existing in the form of vapor in the 
mixed gas, the concentration of the liquid raw material 
in the mixed gas is inevitably varied in consequence of 
the condensation treatment in spite of the constant main- 
tenance of the mixed gas in the saturated state because 
the gas supersaturated by the variation of pressure is 
suffered to liquefy partly. As a result, the growth rate in 
the reactor using the mixed gas is varied. 

Accordingly, what is important in the supply of the 
liquid raw material gas to a plurality of reactors by the 
use of the bubbling tank mentioned above is the fact that 
the liquid raw material gas of high purity should be sup- 
plied stably at a fixed concentration. 

First, for the purpose of maintaining the concentra- 
tion of the liquid raw material at a constant level in the 
mixed gas supplied to the reactors, it is important that 
the pressure and temperature of the mixed gas is main- 
tained at fixed levels while the condensation treatment 
is undergoing in the condenser. If the pressure and tem- 
perature of the mixed gas are not fixed, the concentration 
of the liquid raw material gas in the mixed gas maintained 
in the saturated state will fluctuate even when the flow 
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volume of the mixed gas is fixed. 

The mixed gas which has undergone the condensa- 
tion treatment in the condenser of the bubbling tank is 
passed through the supply piping, the reactors, and the 
exhaust gas piping and discharged into the open air. 5 
Specifically, since the apparatus to supply the liquid raw 
material gas communicates with the open air, a change 
of the atmospheric pressure exerts a due effect on the 
pressure in the condenser. For the purpose of maintain- 
ing the constant concentration of the mixed gas in the 
condenser, therefore, it is desirable that the pressure in- 
side the condenser is controlled in absolute pressure. 

For the purpose of maintaining the constant concen- 
tration of the mixed gas in the condenser, it is further nec- 
essary that the mixed gas in the condenser is constantly 
maintained in the saturated state. The condenser is an 
apparatus for maintaining the mixed gas at a fixed con- 
centration by subjecting the mixed gas to the treatment 
for condensation thereby causing it to assume a saturat- 
ed state and liquefying the excess gas and expelling the 
produced liquid. The condensate is refiuxed to the bub- 
bling tank. 

If an increase in the flow volume of the carrier gas 
for bubbling results in lowering the temperature of the 
liquid raw material in the bubbling tank by the latent heat 
of gasification and consequently lowering the concentra- . 
tion of the liquid raw material in the mixed gas supplied 
from the bubbling tank to the condenser to a point where 
the mixed gas in the condenser is no longer liquefied by 
the condensation treatment, the condenser will be no 
longer capable of maintaining the constant concentration 
of the mixed gas therein. 

For the purpose of maintaining the mixed gas in the 
condenser constantly in the saturated state, it is only 
necessary that when the mixed gas flowing out of the 
bubbling tank is subjected to the condensation treat- 
ment, the mixed gas is enabled to be partly liquefied with- 
out fail by having the liquid raw material stored in the bub- 
bling tank maintained at a controlled temperature fairly 
higher than the temperature of the condenser. 

Then, for the purpose of ensuring supply of the raw 
material gas of high purity, it is necessary that the minute 
amounts of heavy metals which have emanated from 
containers, pipes, etc. and accumulated in the liquid raw 
material during the process of synthesis and the process 
of conveyance and storage should be removed. There- 
fore, the bubbling tank is provided in the upper part there- 
of with a rectifying column adapted to rectify the mixed 
gas and in the lower part thereof with a drain pipe to re- 
move the heavy metals accumulated in the liquid raw 
material. 

The mixed gas, on entering the rectifying column, 
contacts with the condensate of low temperature formed 
by liquefaction in the condenser and refiuxed to the rec- 
tifying column and the part thereof liquefies and mean- 
while gasifies again the refiuxed condensate and incor- 
porates the resultant gas into the mixed gas. When the 
rectifying column is filled with a packing prepared by cut- 
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ting slender pipes, the rectification which simultaneously 
implements liquefaction and gasification is enabled to 
proceed efficiently because the packing adds the area 
of contact between the mixed gas and the refiuxed con- 
densate. 

While this rectification is repeated, the vapor gener- 
ated in the rectifying column gains more in its content of 
the low boiling component in accordance as the height 
of the interior of the rectifying column increases. The 
mixed gas, therefore, is transferred to the condenser 
from the uppermost part of the rectifying column in which 
the mixed gas has the highest purity. 

Since the heavy metals and high boiling impurities 
are returned in conjunction with the condensate gener- 
ated by liquefaction in the rectifying column into the bub- 
bling tank, the concentrations of these heavy metals and 
high boiling impurities accumulated in the liquid raw ma- 
terial in the bubbling tank are gradually heightened. The 
liquid raw material, therefore, should be properly dis- 
charged from the bubbling tank into an extraction tank 
via the drain pipe provided in the bottom of the bubbling 
tank. 

For the purpose of ensuring stable supply of the 
mixed gas, it is necessary that the liquid raw material and 
the carrier gas are stably supplied in the bubbling tank. 
Particularly, the carrier gas is so controlled as to maintain 
the mixed gas within the condenser under a fixed pres- 
sure constantly as described above. The liquid raw ma- 
terial in the bubbling tank can be controlled by a proce- 
dure which comprises detecting the amount of the liquid 
raw material stored therein and supplying from the stor- 
age tank of the liquid raw material such an amount of the 
liquid raw material equivalent to the shortage determined 
by the detection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be better understood and objects, 
features, and characteristics thereof other than those set 
forth above will become apparent when consideration is 
given to the following detailed description thereof. Such 
description makes reference to the annexed drawings 
wherein: 

Fig. 1 is a process flow sheet showing an embodi- 
ment of this invention. 

Fig. 2 is a process flowsheet showing the essential 
part of the embodiment of Fig. 1 . 

Fig. 3 is a schematic diagram showing a convention- 
al apparatus to supply a raw material mixed gas. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Now, the construction and operation of this invention 
will be described more specifically below with reference 
to the embodiment shown in the annexed drawings. 

Fig. 1 is a process flow sheet showing the whole con- 
struction of an apparatus to supply a liquid raw material 
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gas and Fig. 2 is an explanatory diagram showing the 
essential part of the apparatus of Fig. 1 . This apparatus 
is so constructed as to prepare a mixed gas of a carrier 
gas and a vapor of a liquid raw material deprived of such 
impurities as heavy metals by bubbling the carrier gas 
41 through a liquid raw material 31 (for example, silicon 
tetrachloride, trichlorosilane) held inside a bubbling tank 
1 3 and meanwhile rectifying the vapor resulted from the 
bubbling within a continuous type packed column 11 for 
rectifying (hereinafter referred to as "packed column") 
disposed in the upper part of the bubbling tank 1 3 and 
integrated with the bubbling tank 13 and, at the same 
time, control the concentration of the mixed gas being 
supplied to a reactor at a fixed level by maintaining the 
absolute pressure and temperature of the mixed gas at 
fixed levels and meanwhile subjecting the mixed gas to 
a condensation treatment with a partial condenser 1 2 
which is one sort of a condenser. 

Around the bubbling tank 13, a heating jacket 14 
adapted to maintain the liquid raw material 31 at a con- 
trolled temperature is disposed so as to encircle the bub- 
bling tank 13. Into the heating jacket 14, a liquid heating 
medium kept at the controlled temperature is supplied 
from a heating medium supplying apparatus 61 through 
a piping 62. 

In the heating medium supply apparatus 61 , a circu- 
lating pump 64, a heater 65 provided with an electric 
heater 65a and concurrently serving as a storage tank 
for the liquid heating medium, and the heating jacket 1 4 
are caused to communicate with one another through 
pipings 62 and 63. The piping 62 is provided with a tem- 
perature indication controller (TIC) 66 whose controlling 
part is connected to the operating part of the electric 
heater 65a so as to control the temperature of the liquid 
heating medium and consequently maintain the liquid 
raw material 31 in the bubbling tank 13 at the controlled 
temperature. 

Further, the piping 62 is provided with a regulating 
valve 67 and a shortpath piping 68 interconnecting the 
pipings 62 and 63 is provided with a regulating valve 69 
and the regulating part of a temperature indication con- 
troller (TIC) 15 inserted in the bubbling tank 13 is con- 
nected to the operating parts of the regulating valves 67 
and 69 so as to control the flow volume of the liquid heat- 
ing medium flowing into the heating jacket 14 and con- 
sequently maintain the liquid raw material 31 in the bub- 
bling tank 13 at a controlled temperature. 

To start the heating of the bubbling tank 1 3, the tem- 
perature of the temperature indication controller 1 5 is set 
at 40°C and the regulating valve 67 is closed and the 
regulating valve 69 is opened. In the heating medium 
supply apparatus 61, the heating medium circulated in 
the heating medium supply apparatus 61 is heated and 
the temperature of the heating medium is stabilized at 
the controlled temperature by starting the circulating 
pump 64, setting the temperature of the temparature in- 
dication controller 66 at 80°C, and starting the electric 
heater 65a. 
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A bubbling member 42 for the carrier gas 41 is im- 
mersed in the liquid raw material 31 held in the bubbling 
tank 1 3. From the source (not shown) of the carrier gas 
41 , the carrier gas 41 is introduced via a carrier gas sup- 

•5 plying piping 43 provided with an absolute pressure reg- 
ulating valve 44 into the liquid raw material 31 and bub- 
bled therethrough to generate a mixed gas composed of 
the gasified liquid raw material and the carrier gas. 

The mixed gas generated in the bubbling tank 13 is 

10 rectified in the packed column disposed in the upper part 
of the bubbling tank 13 so as to deprive the mixed gas 
of heavy metals and impurities with high boiling points. 

The top of the packed column 1 1 is caused to com- 
municate with the partial condenser 12 via a piping so 

is that the mixed gas is transferred to the partial condenser 
12 and part of the mixed gas cooled in the partial con- 
denser 12 may be liquefied and refluxed to the packed 
column 11. The refluxed liquid, while flowing down the 
surface of the packing (cut pieces of slender pipes) in 

20 the packed column 1 1 , contacts with the mixed gas orig- 
inating in the bubbling tank 1 3 and ascending the interior 
of the packed column 11 and gasifies part of itself and 
meanwhile liquefies part of the mixed gas. 

As the rectification which simultaneously imple- 

25 ments liquefaction and gasification in the packed column 
1 1 is repeated, the vapor generated in the packed col- 
umn gains more in its content of the low boiling compo- 
nent in accordance as the height of the: interior of the 
packed column increases. The mixed gas, therefore, is 

30 transferred to the partial condenser 12 from the upper- 
most part of the packed column in which.the mixed gas 
has the highest purity. 

Optionally, the packed column 11 may be substitut- 
ed by a column of such other construction for rectifying 

35 as the sieve tray column or the bubble cap-tower. A 
batchwise column may be adopted alternatively. 

Since the heavy metals and impurities with high boil- 
ing points are returned in conjunction with the conden- 
sate resulting from the liquefaction in the packed column 

*o 11 to the bubbling tank 13, the concentrations of the 
heavy metals and impurities with high boiling points ac- 
cumulated in the liquid raw material inside the bubbling 
tank 1 3 are gradually heightened. When the concentra- 
tions of the impurities inside the bubbling tank 13 are 

45 heightened, these impurities eventually begin to entrain 
the mixed gas which flows out of a mixed gas outlet 19. 
So, the purity of the liquid raw material 31 inside the bub- 
bling tank 1 3 is properly tested from time to time. When 
the concentrations of the impurities are found by this test 

50 to have reached to critical levels, a certain amount of the 
liquid raw material 31 is extracted into an extracting tank 
22 via a drain pipe 21 provided in the bottom part of the 
bubbling tank 13. In this manner, the concentrations of 
impurities of the liquid raw material 31 in the bubbling 

55 tank 1 3 are controlled below the critical levels. 

The partial condenser 12 which communicates with 
the top of the packed column 11 through the medium of 
a piping is provided with a surface condenser 1 2a having 
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a heat transfer area enough to cool the mixed gas. By 
cooling the mixed gas composed of the carrier gas and 
the vapor of the liquid raw material 31 distilled out of the 
packed column 11 to a fixed temperature and conse- 
quently liquefying part of the mixed gas, the partial con- 
denser 1 2 returns the liquefied mixed gas to the packed 
column 11 in the form of a reflux liquid and, at the same 
time, controls pressure of the mixed gas which has es- 
caped from liquefaction to fixed absolute pressure and 
temperature to ensure the supply of the raw material gas 
with a fixed concentration to a reactor(s). 

The mixed gas outlet 1 9 of the partial condenser 12 
is provided with a pressure indication controller (PiC) 52 
and is consequently enabled to detect the absolute pres- 
sure of the mixed gas practically in the partial condenser 
12. The pressure indication controller is further connect- 
ed to the operating part of a regulating valve 44 provided 
in a carrier gas supply piping 43 and consequently ena- 
bled to adjust the degree of opening of the regulating 
valve 44 for controlling the absolute pressure of the 
mixed gas in the partial condenser 12. 

The partial condenser 1 2, by having a cooling water 
supply apparatus 71 connected through the medium of 
pipings 92 and 93 to the cooling parts of the plurality of 
serially disposed surface condensers 1 2a, is enabled to 
maintain the temperature of the mixed gas distilling out 
of the partial condenser 12 at a fixed level constantly. 

The cooling water supply apparatus 71 mentioned 
above is an apparatus for supplying the cooling water of 
a fixed temperature to the partial condenser 1 2. It is com- 
posed of a heat exchanger 79, a cooling medium circu- 
lating apparatus for circulating the cooling water be- 
tween the cooling parts of the surface condensers 1 2a 
and the heat exchanger 79 to cool the cooling parts men- 
tioned above to a fixed temperature, and a cooling ap- 
paratus for cooling the cooling water being circulated in 
the cooling medium circulating apparatus to a fixed tem- 
perature through the medium of the heat exchanger 79. 

In the cooling apparatus, the suction side of a circu- 
lating pump 72 is connected to a storage tank 75 of a 
cooling water 74, the discharge side of the circulating 
pump 72 is connected to a refrigerating device 76, and 
the output of the cooling water 74 from the refrigerating 
apparatus 76 is connected to the storage tank 75. The 
storage tank 75 is provided with a temparature indication 
controller (TIC) 83 and the controlling part of the above 
controller 83 is connected to the driving part (not shown) 
of the refrigerating apparatus 76 to control the tempera- 
ture of the cooling water 74 at a fixed level. The suction 
side of a circulating pump 73 is connected to the storage 
tank 75 of the cooling water 74, the discharge side of the 
circulating pump 73 is connected to the heat exchanger 
79 through the medium of a piping 78 provided with a 
regulating valve 77, and the outlet of the cooling water 
74 from the heat exchanger 79 is connected to the stor- 
age tank 75 through the medium of a piping 80. A short- 
path piping 81 interconnecting the pipings 78 and 80 is 
provided with a regulating valve 82. This value 82 is en- 



abled to control the flow volume of the cooling water 74 
supplied to the heat exchanger 79. Further, the storage 
tank 75 is provided with a stirrer 85 and consequently 
enabled to stabilize the temperature of the cooling water 
s in the storage tank 75 at a fixed level. 

The cooling medium circulating apparatus men- 
tioned above is provided with a circulating pump 91 . A 
piping 92 on the discharge side of the circulating pump 
91 is made to communicate with the cooling parts of the 
f 0 surface condensers 1 2a through the medium of the heat 
exchanger 79 and the cooling water outlet sides of the 
cooling parts are made to communicate with the suction 
side of the circulating pump 91 through the medium of a 
piping 93. The piping 92 mentioned above is provided 
*5 with a temperature indication controller (TIC) 84. The 
controlling part of the controller 84 is made to communi- 
cate with the operating parts of the regulating valves 77 
and 82 to control the flow volume of the cooling water 74 
supplied to the heat exchanger 79. 

20 in the cooling water supply apparatus 71 , the refrig- 
erating apparatus 76 is set in a stationary operating 
state, the controller 84 of the cooling medium circulating 
apparatus is set at a temperature of 1 2°C, and the con- 
troller 83 of the cooling apparatus is set at a temperature 

25 of 11°C. Since the temperature of the cooling water is 
doubly controlled with the controllers 83 and 84 as de- 
scribed above, the temperature of the cooling water sup- 
plied to the partial condenser 12 can be controlled accu- 
rately within the range of "set level ± O^C." 

30 For the sake of stable supply of the mixed gas, it is 
necessary that the liquid raw material 31 is secured sta- 
bly in the bubbling tank 13. A supplying apparatus 32 for 
supplying the liquid raw material 31 to the bubbling tank 
1 3 is complete with a storage tank 32a for storing the 

35 liquid raw material 31 under the pressure of the carrier 
gas 41, 

Specifically, the end part of a liquid raw material sup- 
plying pipe 33 is immersed in the liquid raw material 31 
held in the storage tank 32a and a liquid raw material 
<to inlet pipe 34 and a supplying pipe 35 for the pressed car- 
rier gas 41 are made to communicate with the upper part 
of the storage tank 32a. The liquid raw material inlet pipe 
34 is provided with a solenoid valve 36 and the pressed 
carrier gas supplying pipe 35 is provided with a regulat- 
es ing valve 37. The storage tank 32a is provided in the up- 
per part thereof with a pressure indication controller 
(PIC) 38, the regulating part of the above controller 38 is 
made to communicate with the operating part of the reg- 
ulating valve 37, the storage tank 32a is provided with a 
50 level controller alarm (not shown), and the regulating part 
of the above level controller alarm is made to communi- 
cate with the operating part of the solenoid valve 36 men- 
tioned above. Further, the liquid raw material supplying 
pipe 33 is provided with a solenoid valve 39 and the reg- 
55 ulating part of a level controller alarm 1 7 is made to com- 
municate with the operating part of the solenoid valve 39. 

In Fig. 2, part 16 stands for a temperature detecting 
part and part 18 for a level detecting part. 
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To actuate the supplying apparatus 32, it is neces- 
sary that the level controller alarm is actuated to open 
the solenoid yalve 36 and a desired amount of trichlo- 
rosilane (boiling point 31 .7°C under normal pressure) is 
injected as a liquid raw material 31 into the storage tank 5 
32a. Then, the pressure indication controller 38 is actu- 
ated to open the regulating valve 37 and the pressed car- 
rier gas 41 is supplied to the storage tank 32a to maintain 
the interior of the storage tank under a certain pressure. 

When the height of the liquid raw material 31 inside io 
the bubbling tank 13 has fallen to a specified level, the 
level controller alarm (LCA) 17 is actuated to open the 
solenoid 39 and, by virtue of the pressure of the carrier 3. 
gas 41 in the storage tank 32a, the liquid raw material 
31 in the storage tank is supplied in a desired amount »s 
into the bubbling tank 1 3 through the medium of the liquid 
raw material supplying pipe 33. 

The mixed gas which flows out of the partial con- 
denser 1 2 is advanced via a raw material gas supplying 
pipe 51 to a buffer tank 101 for further repression of the 20 4. 
fluctuation of pressure and then supplied to a plurality of 
parallelly disposed reactors 111, 111, ... through the me- 
dium of the raw material gas supplying pipe 51 . 

When none of the reactors 111 is in operation, a flow 
indicator alarm (Fl A) 54 detects the absence of the flow 25 5. 
of the mixed gas, and the regulating part of the flow in- 
dicator alarm 54 is made to communicate with the oper- 
ating part of a solenoid valve 53 provided in a purge line 
and open the solenoid valve 53. Consequently, the 
mixed gas is made to flow in the purge line. 30 

It is clear from the description given above that this 
invention allows the mixed gas of a liquid raw material to 
be maintained with high purity at a fixed concentration 
and stably supplied not only to one reactor but also to a 
plurality of reactors. 35 



Claims 

1. A method to supply a liquid raw material gas by the *o 
steps of storing a liquid raw material in a bubbling 
tank with maintaining said stored liquid raw material 

at a controlled temperature, bubbling a carrier gas 
through said liquid raw material thereby evaporating 
said liquid raw material and simultaneously gener- 
ating a mixed gas composed of said carrier gas and 
said liquid raw material, subjecting said mixed gas 
to a condensation treatment and returning the lique- 
fied liquid raw material to said bubbling tank and 
meanwhile supplying the mixed gas escaped from so 
liquefaction to a reactor(s), characterized in that said 
condensation treatment of said mixed gas is carried 6. 
out with the pressure and temperature thereof con- 
trolled at fixed levels and the concentration of said 
mixed gas supplied to a reactor(s) is kept at a fixed 5S 
level. 7. 

2. The method according to claim 1 , wherein the con- 



densation treatment of the mixed gas is carried out 
with the pressure and temperature thereof control- 
led at fixed levels by causing the pressure for the 
condensation treatment of the mixed gas to be fed 
back to the operating part for the pressure control 
means of the carrier gas thereby controlling the 
amount of the carrier gas supplied for the purpose 
of bubbling and, at the same time, causing the tem- 
perature for the condensation treatment of the mixed 
gas to be at a fixed level in the cooling part of the 
means for the condensation treatment. 

The method according to claim 1 , wherein said liquid 
raw material stored in the bubbling tank is main- 
tained at a fixed temperature so that part of the 
mixed gas emanating from the bubbling tank and 
being subjected to the condensation treatment is liq- 
uefied without fail. 

The method according to claim 1 or claim 2, wherein 
the pressure in said condensation treatment of said 
mixed gas for condensation is controlled at a fixed 
level of absolute pressure. 

An apparatus to supply a liquid raw material gas 
adapted to store a liquid raw material in a bubbling 
tank and bubble a carrier gas through the liquid raw 
material so as to evaporate the liquid raw material 
and meanwhile generate a mixed gas composed of 
the carrier gas and the liquid raw material, compris- 
ing a controlling means for controlling the amount of 
the carrier gas to be supplied at aspiptng system 
used for supplying the carrier gas for bubbling, a 
heating means for keeping the liquid raw material 
stored in the bubbling tank at a fixed temperature, a 
rectifying column disposed in the upper part of the 
bubbling tank as integrated with the bubbling tank 
and made to communicate with the means for the 
condensation treatment through the medium of pip- 
ing, and the means for the tratment to condense the 
mixed gas with the pressure and temperature 
thereof controlled at fixed levels thereby the concen- 
tration of the mixed gas supplied to a reactor(s) is 
maintained at a fixed level, wherein a part of the 
mixed gas generated in the bubbling tank is con- 
densed by cooling to a fixed temperature and 
refluxed to the rectifying column and the mixed gas 
escaped from liquefaction is detected the pressure 
whose outcome is fed back to the means for control- 
ling the amount of the carrier gas. 

The apparatus according to claim 5, wherein the 
pressure in the condensation treatment of the mixed 
gas is controlled at a fixed level of absolute pressure. 

The apparatus according to claim 5, wherein the 
cooling part in the means for the condensation treat- 
ment desirably possesses a enough heat transfer 
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area so that the mixed gas escaped from liquefac- 
tion and flowing out of the means for the condensa- 
tion treatment is cooled to a temperature practically 
the same as that of the cooling part. 

8. The apparatus according to claim 5, wherein said 
means for the condensation treatment effects the 
condensation by cooling said mixed gas with a first 
cooling medium and a means for supplying said first 
cooling medium comprises a heat exchanger, a 10 
cooling medium circulating apparatus for maintain- 
ing said first cooling medium at a fixed temperature 

by circulating said first cooling medium between the 
cooling part of said means for the condensation 
treatment and said heat exchanger, and a cooling is 
apparatus for controlling the temperature of a sec- 
ond cooling medium for cooling said first cooling 
medium to a fixed temperature through the medium 
of said heat exchanger. 

20 

9. The apparatus according to claim 5, wherein a jacket 
is used as heating means for maintaining said liquid 
raw material stored in said bubbling tank at a con- 
trolled temperature and a heating medium supplying 
apparatus capable of controlling the temperature 25 
and flow volume of said heating medium is made to 
communicate with said jacket. 

10. The apparatus according to claim 5, wherein the - 
amount of said liquid raw material in storage is con- 30 
trolled by a procedure which comprises detecting 

the amount of said liquid raw material in storage with 
a storage amount detecting means disposed inside 
said bubbling tank and supplying from a storage tank 
for said liquid raw material to said bubbling tank an 3S 
amount of said liquid raw material equivalent to the 
shortage found by said detection. 

11. The apparatus according to claim 5, wherein said 
bubbling tank is provided with a drain pipe incorpo- 40 
rating a switch valve therein. 

12. The apparatus according to claim 5, wherein possi- 
ble fluctuation of the pressure of said mixed gas to 

be supplied to said reactor is controlled by a buffer 45 
tank. 
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